IMPORTANCE Many studies that found improved quality of life (QOL) after radiotherapy of bone metastases have small sample sizes and do not use specific questionnaires. How soon after radiotherapy one can expect an improvement in QOL is unknown.
S equelae of bone metastases, including pain, hypercalcemia, pathologic fractures, and spinal cord compression, can cause significant morbidity and decreased quality of life (QOL). 1, 2 Radiotherapy is a key treatment modality for symptomatic uncomplicated bone metastases. Studies [3] [4] [5] [6] have demonstrated its efficacy in relieving pain, with approximately 60% to 70% of patients experiencing benefit and one-quarter to one-third of patients achieving a complete response (CR), independent of whether single or multiple fractions are prescribed. Although reduction of pain is an important end point, palliative-intent treatment should also focus on maintenance and improvement of QOL. 7 Understanding QOL has historically been difficult because of its many dimensions and potential confounding factors. More recently, tools have been designed to measure the QOL of patients with palliative cancer and, even more specifically, those with bone metastases. These tools include the European Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire Core 15 Palliative (QLQ-C15-PAL) 8 and the EORTC Quality of Life Questionnaire Bone Metastases Module (QLQ-BM22).
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Because increased pain is associated with a lower QOL in patients with symptomatic bone metastases, 10 a reduction in pain after radiotherapy is hypothesized to translate to an improvement in QOL. A few studies [11] [12] [13] conducted to date have demonstrated this; however, many involve small patient populations and do not use the bone metastases-specific QOL measurement tools currently available. Furthermore, the time points at which QOL have historically been evaluated are not the same among all studies. Previous studies have found that pain response may occur 1 week after radiotherapy 14 and that QOL improves between 1 week and 1 month. 13, 15 However, these studies 13-15 accounted for analgesics differently than what the current international consensus end point definitions suggest. 16 Similarly, they did not use QOL instruments that were validated specifically for patients with advanced cancer and, in particular, for those with bone metastases. The objective of our study was to investigate pain and QOL at days 10 and 42 after radiotherapy using the QLQ-C15-PAL and QLQ-BM22 as measurement tools. Specifically, we aimed to determine whether there are differences in QOL between responders and nonresponders as determined by the International Bone Metastases Consensus Endpoint Definitions. 16 
Methods
This is a secondary analysis of the NCIC Clinical Trials Group Symptom Control Trial SC.23 (NCIC-CTG-SC.23), which was an intent-to-treat, randomized, double-blind, phase 3 trial that investigated the use of dexamethasone for prophylaxis of pain flare after radiotherapy for painful bone metastases. All patients were prescribed single 8-Gy (to convert to rads, multiply by 100) radiotherapy to 1 or 2 painful bone metastases. Patients were randomized to receive two 4-mg tablets of dexamethasone or 2 placebo tablets at least 1 hour before radiotherapy, then every day for 4 days after radiotherapy. To be eligible for participation, patients were required to have a worst pain score of at least 2 on a scale of 0 (no pain) to 10 (worst possible pain). Patients reported their worst pain score and daily opioid analgesic intake at baseline, days 1 to 10 after treatment, and day 42 after treatment. Patient-reported QOL was evaluated using the QLQ-C15-PAL and QLQ-BM22 at baseline and days 10 and 42 after treatment.
Shortened from the parent EORTC QOL Questionnaire Core 30, the QLQ-C15-PAL contains 15 questions that assess QOL in patients with palliative cancer. 8 Five symptoms (nausea and vomiting, dyspnea, insomnia, appetite loss, and constipation) are assessed as single-item symptom scales, whereas 2 symptoms (fatigue and pain) are assessed on multi-item symptom scales. The questionnaire also consists of 2 multiitem functional scales (physical and emotional functioning) and 1 question that pertains to overall QOL. Each question is rated on a Likert scale ranging from 1 (not at all) to 4 (very much), except for overall QOL, which is assessed on a scale of 1 (very poor) to 7 (excellent). All scores were linearly transformed to a scale ranging from 0 to 100. Higher scores for the multi-and single-item symptom scales indicate higher symptom burden, whereas higher scores for the multi-item functional scales and overall QOL indicate better functioning and QOL.
Key Points
Question How soon after radiotherapy for painful bone metastases can an improvement in quality of life be expected? partial response (PR) were considered responders, whereas those with pain progression or a stable pain were considered nonresponders. 16 Overall response was the sum of CR and PR.
Descriptive statistics were used to summarize baseline demographic information. Differences in demographics between responders and nonresponders at day 42 were compared using the χ 2 test for categorical variables and 2-sample t test for continuous variables. The Wilcoxon rank sum test was used to test for differences in baseline, day 10, and day 42 QOL scores between responders and nonresponders. Similarly, the Wilcoxon rank sum test was used to test the differences between responders and nonresponders in terms of the changes of QOL scores between (1) baseline and day 10 and (2) baseline and day 42. Differences between the patients with and without clinically meaningful changes in QOL were compared using the χ 2 test. A 2-sided P < .05 was considered statistically significant. All analyses were conducted using SAS software, version 9.2 (SAS Institute Inc).
Results
A total of 298 patients were enrolled in the study ( ; P = .007) compared with nonresponders. The greatest difference observed was in the pain item of the QLQ-C15-PAL, where responder-reported scores were a mean of 17.1 points lower than scores reported by nonresponders (mean scores, 43.9 in responders vs 61.0 in nonresponders; P < .001) (eTable 3 in the Supplement).
When observing the change in QOL scores from baseline to day 10, patients with a pain response had a significantly greater reduction in pain (mean reduction, 17.0 vs 1.8; P = .002) and pain characteristics (mean reduction, 12.8 vs 1.1; P = .002). This group also experienced greater improvements in functional interference (mean increase, 11.6 vs 3.6; P = .01) compared with nonresponders. A significant difference was observed in change in the psychosocial aspects, where responders improved by a mean of 1.2 points and nonresponders declined by a mean of 2.2 points (P = .04) (eTable 3 in the Supplement).
When patients were classified by clinically meaningful changes in QOL (change ≥10 points), a greater portion of responders also had a QOL improvement in pain characteristics (64.0% vs 42.6%, P = .002) and psychosocial aspects (37.0% vs 20.9%, P = .009) when compared with nonresponders ( Table 2) .
Day 42
Responders and nonresponders as determined on day 42 did not have statistically significant differences in baseline QOL scores on the QLQ-C15-PAL or the QLQ-BM22. Responders reported better QOL scores in every item of the QLQ-C15-PAL except for dyspnea ( . In all domains of the QLQ-C15-PAL (physical, emotional, and global), mean scores reported by responders were at least 10 points greater than those reported by nonresponders, representing significant differences. The greatest difference between responders and nonresponders was their pain score (29.9 for responders and 52.0 for nonresponders, Comparing changes in QOL from baseline to day 42, responders had significantly greater improvements in the physical (mean increase, 6.2; P < .001), emotional (mean in- crease, 12.3; P < .001), and global domains (mean increase, 10.3; P < .001) of the QLQ-C15-PAL compared with nonresponders. Responders also experienced greater reductions in pain (mean reduction, 30.1 vs 10.4; P < .001), fatigue (mean reduction, 7.5 vs 9.5 increase; P < .001), appetite (mean reduction, 4.6 vs 5.9 increase; P = .03), and constipation (mean reduction, 8.5 vs 4.4 increase; P = .006) on the QLQ-C15-PAL and greater improvements in painful sites (mean reduction, 13.5 vs 3.2; P < .001), pain characteristics (mean reduction, 21.4 vs 10.6; P = .01), functional interference (mean increase, 18.8 vs 9.2; P = .001), and psychosocial aspects (mean increase, 6.2 vs −0.8; P = .01) (eTable 4 in the Supplement) on the QLQ-BM22. The eFigure in the Supplement includes an illustration of the changes in scores from baseline to day 42 in responders and nonresponders. 
Discussion
The international consensus end points take into account the pain score and analgesic consumption, 16 which lowers the CR and PR rates when compared with the pain-only end points. 19 Despite that, by intent-to-treat analysis, 40% of patients experienced pain reduction at day 10 after radiotherapy using the international consensus end points in our study. To our knowledge, this study is the first to report significant improvements in certain domains of QOL in those who responded to radiotherapy as early as 10 days after treatment for painful bone metastases using the international consensus end points and QLQ-BM22. At day 10, responders had significantly greater reductions in pain and pain characteristics and better improvements in functional interference and psychosocial aspects compared with nonresponders. Zengetal 12 described 79 patients receiving radiotherapy for painful bone metastases. Patients were asked to complete the QLQ-BM22 at baseline and month 1 after treatment. The authors found that although responders to radiotherapy had a trend toward improved psychosocial aspects at month 1, such improvements were not statistically significant. However, their study is limited by a small sample size, and the overall response rate was only 35%, whereas it was 55% in the current study. It is likely that the greater proportion of responders in our study is responsible for the significant results. Our response rates are more comparable to those cited in the literature. Caissie et al 11 investigated 178 patients who completed the QLQ-C15-PAL at baseline, weeks 1 and 2 after the initiation of radiotherapy, and months 1 and 2 after the initiation of radiotherapy. At day 7, improvements were only seen in fatigue and pain symptoms for responders; no improvements were found in nonresponders. Our study similarly found a significant difference between responders and nonresponders for pain at day 10, such that responders had reduced pain, whereas nonresponders did not. Differences in fatigue were not observed between responders and nonresponders in our study; however, their study did not use the EORTC bone-specific module, the QLQ-BM22, and patient questionnaire completion rates were low (38% at week 1, 37% at week 2, 68% at month 1, and 40% at month 2). The study with the largest patient population exploring QOL changes after radiotherapy to painful bone metastases was a recently published secondary analysis of the Dutch Bone Metastasis Study. 13 Patients were asked to complete several questionnaires, including a pain scale, medication list, the Rotterdam Symptom Checklist, and a visual analog scale for general health weekly for 12 weeks and monthly thereafter until 2 years, death, or study closure. A total of 956 patients accrued between 1996 and 1998 were eligible for analysis. Responders and nonresponders were observed to have significant differences in QOL at week 12 after radiotherapy: psychological distress, physical symptom distress, visual analog scale for general health score, and overall evaluation of life score improved in responders and deteriorated in nonresponders. In addition, activity-level impairment deteriorated in nonresponders but remained stable in responders. 13 The authors report that these differences were minimal immediately after radiotherapy and increased with time until 12 weeks after treatment, when significance was evaluated. Although their study was robust, our study found significant differences at earlier time points, namely, at day 10 after treatment for certain components of QOL and at day 42 after treatment for most QOL domains. Of interest, when patients with a pain response after radiotherapy also experienced improvements in psychosocial aspects at day 10, nonresponders experienced deterioration in the same domain. Finally, the day 42 results of our study confirm previous findings that a greater proportion of those who have a pain response after radiotherapy will also have a clinically meaningful response in many QOL domains. 11, 13 In this study, these items were pain, fatigue, constipation, painful sites, pain characteristics, physical functioning, emotional functioning, functional interference, psychosocial aspects, and global QOL. Because the main purpose of radiotherapy was pain relief, the most significantly improved QOL outcomes in the present study were pain-related outcomes, such as pain characteristics, number of painful sites, and functional interference. The QOL items that were not expected to improve with pain reduction, including dyspnea and insomnia, did not significantly improve in responders. Thus, physicians should use other more appropriate treatment modalities to address these symptoms separately. After rescaling the pain severity to 0 to 100 as that of the pain item score in QOL, at day 10, a mean 20-point reduction in pain severity and an 8-point improvement in QOL were observed. At day 42, the magnitude in mean QOL improvement increased to 20 points for a 20-point reduction in pain severity. In addition, more QOL items were improved at day 42 compared with day 10. Therefore, although improvements in pain may occur by day 10, QOL may require more time to improve because it encompasses all aspects of well-being.
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Limitations
Our study is limited by the attrition rates in follow-up at day 42, leading to a high exclusion rate as in most palliative trials. In addition, the study patients may not be fully representative of all patients with short life expectancy.
Conclusions
Our study reports clinically meaningful improvements in pain and QOL as early as 10 days after radiotherapy and more extensive improvements in QOL at 42 days after treatment. These results confirm that radiotherapy for painful bone metastases can improve pain and QOL quickly after treatment and therefore should be offered even for those with a limited expected survival. Our evaluation time points (days 10 and 42) should be used in future studies that involve similar patient populations because they are more relevant than evaluating those with poor expected survival at 2 or even 3 months after treatment. Worst pain score of 0 at the treated site with stable or reduced analgesic intake
Partial Response
Reduction in pain of ≥2 at treated site (range 0-10) with stable analgesic intake Reduction of ≥25% in analgesic intake without an increase in pain compared to baseline For patients using opioid analgesics at baseline, a daily oral morphine equivalence of 0 without an increase in worst pain score compared to baseline Pain Progression Increase in pain of ≥2 at treated site (range 0-10) without reduction in analgesic use Increase ≥25% in analgesic intake at compared to baseline without reduction in worst pain score For patients not using opioid analgesics at baseline, consumption of any opioid analgesic without reduction in worst pain score compared to baseline 
